The alterations of blood gases, pH, electrolytes and haemoglobin during 45 min storage in icewater were measured in 6 types of syringes (1 glass and 5 plastic syringes, among these 3 "blood gas samplers"). It was confirmed that pO 2 generally is not stable in plastic syringes. However, considerable differences among plastic syringes were found in this respect, the smallest increase occuring in an ordinary 2 ml syringe for injections and the greatest in one of the special blood gas samplers. Due to the "buffering effect" of deoxyhaemoglobin, the alterations of pO 2 are smaller in the hypoxaemic than in the normoxaemic range. Relevant pO 2 alterations in plastic syringes are demonstrable after 20 minutes. It is concluded that blood collected in plastic syringes must be analysed within 15 min after sampling, otherwise glass syringes should be used for blood collection.
Introduction
" _, . ι , ,, 1 1 3. The anticoagulant should not alter the concentraSimultaneous measurement of pH, blood gases, election of blood components to a relevant extent. trolytes and haemoglobin (or haematocrit) in a hepAlterations may be caused by arinized whole blood sample is becoming increasingly accepted. To obtain reliable results, several preanal--dilution, if liquid heparin preparations are used. ytical requirements must be fulfilled: , __ . ι υ n i i.ui r· i--contamination, if a heparin solution without 1. The syringe should allow bubble-free sampling. , 1,1 , τ,,. .
. ! · fl ι ι ^ . .. f electrolyte balance is used. This is mainly influenced by the construction of the syringe.
. . -binding processes (mainly applying to calcium), 2. The syringe should be as gas-tight as possible.
if too much heparin without "calcium titration" Tightness is influenced by the material (glass or is used. plastic), by the volume-to-surface ratio and by the construction (e. g. fitting of the plunger).
A "~ ,, , " , ,, We examined 6 types of syringes with regard to alterations of the components mentioned during 45 min storage. Additionally, the time course of alterations of pO 2 in glass and plastic syringes was investigated.
Materials and Methods
The syringes tested are described in table 1. SA, TE and RA are commercial blood gas syringes with a dry heparin preparation. To fill the dead space and to lubricate the plunger of GL, Bl and B2, Vetren 200® (Promonta, Hamburg, Germany) was used which has an electrolyte balanced composition according to 1. c. (1) . The glass syringe was provided with a metal platelet for mixing. Cannulas (0.80 60 mm) were used for aspiration.
Heparinized blood was equilibrated according to the IFCC method (2), using the thin-film-tonometer IL 237 (Instrumentation Laboratory) and the following gas mixtures. 
Series of experiments

Series I and II
Pooled heparinized blood (9 ml) was equilibrated in the IL 237 tonometer. After 20 min blood was aspirated into the first of the 6 syringes, air bubbles were removed if necessary, the sample was analysed immediately and thereafter stored in ice-water. Then the next syringe was treated in the same manner, and so forth. The sequence of the syringes was changed in each set. 45 ± 5 min after the first measurement the syringes were removed from the ice-water, mixed carefully by inversion five times and by rolling between the palms ten seconds and measured again.
Series I consisted of 34 sets of 6 samples, measured with a Coming 288 after equilibration with gas mixture A. Series II consisted of 25 sets of 6 samples, measured with a Corning 178 after equilibration with gas mixture C (the results are shown in fig. 1 -4 ).
Series III
Series HI consisted of 25 pairs of a glass syringe (GL) and a 1 mi-plastic syringe (Bl). The blood was equilibrated with gas mixture B and measured with a Corning 178 immediately after sampling and after 10 and 20 min storage in ice-water (results see fig. 5 ).
Series IV
Heparinized whole blood and plasma, prepared by centrifugation from the same blood sample, were equilibrated with gas mixture B as described before (n = 15). Both specimens were aspirated into a glass (GL) and a plastic syringe (Bl). It can be seen from figure 1 that the glass syringe is level (left) all plastic syringes showed a remarkable increase in pO 2 after 45 min storage, which was greatest in the Sarstedt (SA) and the Braun 1-ml syringe (about 0.8 + 0.4 kPa; 6 ± 3 mm Hg) and smallest in the Braun 2-ml syringe (about 0.3 ± 0.2 kPa; 2.3 clearly superior to all plastic syringes. At the normal ±1.6 mm Hg). In hypoxaemia (right) the alterations were generally smaller, but the relation between the r m moi/i] syringes followed the same pattern as in normoxaemia.
pC0 2
At the normal level ( fig. 2, left) , mean increases of about 0.13 -0.26 kPa (1-2 mm Hg) were found, with the exception of the Bl syringe where the alteration was close to zero. The highest increase with a considerable variation was found in the Terumo syringe (TE). At the hyperkapnic level ( fig. 2 , right) the increases were very small or even absent.
PH
There was a general tendency to slightly lower values (about 0.003) after 45 min ( fig. 3) . Only in the Terumo syringe, which showed the greatest increase in /?CO 2 , was the decrease greater than 0.01.
Electrolytes (fig. 4)
The mean increase in sodium concentration was about 1 mmol/1. Potassium generally increased by about 0.1 mmol/1. In the Radiometer syringe (RA), however, K + increased by about 0.4 mmol/1. Alterations in ionized calcium were hardly detectable for the Sarstedt and the Radiometer syringes as well as the syringes prepared with fluid heparin. For the Terumo syringe a fall of 0.05 mmol/1 was found, which equals one third of the reference interval of ionized calcium.
Haemoglobin ( fig. 4) The mean alterations were within + 4 and -2 g/1 and may be tolerable for emergency situations. More important is the poor reproducibility, which is most apparent for the Radiometer and the 1-ml Braun syringe.
Series III Figure 5 demonstrates the alterations of pO 2 in short intervals, comparing the most unfavourable syringe (1-ml Braun) with the glass syringe (GL): hardly detectable changes in the GL, a very small increase in Bl after 10 min, but a mean rise of 0.67 kPa (5.0 mm Hg) after 20 min in this syringe. 
Series IV
It can be seen from figure 6 that the increase of pO 2 in plastic syringes (Bl) is much greater when plasma instead of whole blood is stored, e. g. 4.27 kPa (32 mm Hg) versus 0.93 kPa (7 mm Hg) after 20 min. There are no significant changes in whole blood or plasma at this time or later when stored in the glass syringe (GL).
Discussion
It has been known for at least 25 years that plastic materials are permeable to gases (3 -7) . It is further known that the permeability of various polymers is different, e. g. polypropylene is less permeable to oxygen than polystyrol (3) (4) (5) (6) . The suitability of polypropylene syringes for blood gas sampling and storage has been a subject of controversy for many years. There are many advocates of blood gas sampling with these syringes (4, 8 -10) , while others are critical of this kind of procedure (5 -7, 11-13) .
Against this background we strongly feel the need to examine the stability of blood gases, especially pO 2 , under strictly defined experimental conditions (e.g. tonometry at different levels of /?O 2 , comparison of each measurement with results from the glass syringe as a "reference sampler", inclusion of several types of plastic syringes).
With regard to pO 2 ( fig. 1 ), the superiority of the glass syringes kept in ice-water was fully confirmed.
The results with the plastic syringes (all of them made from polypropylene) were very different, obviously as a consequence of the respective construction. In the ordinary 2-ml syringe for injections (B2) the pO 2 stability was better than in some of the sophisticated "blood gas syringes", and much better than in the 1-ml syringe (Bl) which was originally designed for insulin application, having an inner diameter of only 4.3 mm. Thus, the volume-to-surface ratio becomes very unfavourable. Furthermore, our data show that the original pO 2 level of a blood sample influences the alterations considerably ( fig. 1, right) . They are much smaller in the hypoxaemic range than in the normal arterial range, in spite of the larger pO 2 gradient between the blood and the surroundings. This can be explained by the presence of more deoxyhaemoglobin available for O 2 binding. Deoxy-Hb serves as a kind of "pO 2 buffer". When deoxy-Hb is low because sO 2 is close to 1.00, the instability of pO 2 increases. When deoxy-Hb is absent due to removal of Hb (i.e. plasma), pO 2 rises extremely ( fig. 6b) . Thus, storage of plasma instead of whole blood demonstrates the full extent to which plastic syringes are non-gas-tight.
As a practical conclusion, it can be deduced from figures 5, 6a and 6b that blood stored in plastic syringes should be analysed for pO 2 within 10 to 15 minutes after sampling.
No particularly new data were obtained for pCO 2 . In general, there was a slight increase in spite of cooling the blood. The apparent stability of pCO 2 in the Bl seems to be the result of CO 2 losses (by lack of tightness) which approximately equal the CO 2 production.
pH
The very small decrease in pH (-0.003) during storage in ice-water was confirmed. The larger decrease in the Terumo syringe, which showed the highest increase in pCO 2 , should be clarified by the manufacturer.
Electrolytes
The average increase in sodium of 1 mmol/1 in all syringes is explained as a release of Na + from the wall of the container. As the sodium electrode actually measures ionized sodium only, a higher degree of dissociation after storage must be taken into consideration. But with a pH decrease of 0.003 a change in dissociation seems unlikely.
It is assumed that the increase in potassium of 0.1 mmol/1 is caused by release from the red cells. The K" 1 " rise in the Radiometer syringe is unexplained. It should be mentioned that this type of sampler has been replaced by a new one in the meantime (Radiometer QS 90).
Ionized calcium should not be measured in blood sampled with the Terumo device that we used in the present investigation (Preza-Pak II). This syringe is prepared with heparinate without calcium titration yielding a final concentration of 50 · 10 3 IU/1. We found bias of -0.2 mmol/1 in blood from this syringe, even immediately after sampling. Together with the alteration during storage (-0.05 mmol/1) this adds up to a total bias of -0.25 mmol/1 (!). It is now the general consensus that -if a determination of ionized calcium is intended -calcium-titrated heparin must be used when the final heparin concentration after filling the syringe exceeds 15 · 10 3 IU/1 blood (1, 14) .
Haemoglobin
The determination of haemoglobin (or haematocrit) in blood gas samples bears the risk of unacceptable imprecision, because of the difficulty of resuspending the blood cells properly ( fig. 4, bottom) , and the risk of severe inaccuracy by dilution of the specimen if fluid heparin preparations are used.
